Background Preoperative venous return (VR) optimization and adequate blood volume is essential in management of morbidly obese patients (MO) in order to avoid perioperative circulatory instability. In this study, all subjects underwent a preoperative 3-week preparation by rapidweight-loss-diet (RWL) as part of their treatment program for bariatric surgery. Methods This is a prospective, observational study of 34 morbidly obese patients consecutively scheduled for bariatric surgery at Sunderby County Hospital, Luleå, Sweden. Preoperative transthoracic echocardiography (TTE) was performed in the awake state before and after intravascular volume challenge (VC) of 6 ml colloids/kg ideal body weight (IBW). Effects of standardized VC were evaluated by TTE. Dynamic and non-dynamic echocardiographic indices for VC were studied. Volume responsiveness and level of VR before and after VC were assessed by TTE. An increase of stroke volume ≥13 % was considered as a volume responder. Results Twenty-nine out of 34 patients were volume responders. After VC, a majority of patients (23/34) were euvolemic, and only 2/34 were hypovolemic. Post-VC hypervolemia was observed in 9/34 of patients. Conclusions The IBW-based volume challenge regime was found to be suitable for preoperative rehydration of RWLprepared MO. Most of the patients were volume responders. Preoperative state of VR was not associated with volume responsiveness. IBW estimates and appropriate monitoring avoids potential hyperhydration in MO. For VC assessment, conventional Doppler indices were found to be more suitable compared to tissue Doppler, giving sufficient information on pressure-volume correlation of the left ventricle in morbidly obese.
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Introduction
The number of morbidly obese patients (MO) and bariatric surgery has increased dramatically in recent decades [1] [2] [3] [4] . Preoperative weight loss, including preparation by a rapidweight-loss-diet (RWL), aims to facilitate laparoscopic bariatric surgery [5] [6] [7] . However, RWL can expose MO to preoperative hypovolemia [8] . In addition, cardiac involvement, including impaired relaxation and compliance of the left ventricle, is common in obesity of long duration [8] [9] [10] [11] . Hence, fluid administration in morbidly obese patients is challenging and requires caution throughout the perioperative course, in order to avoid excessive rehydration [12] [13] [14] . Publications concerning fluid therapy regimes for patients with high BMI, especially with focus on preoperative management, are few and are not based on general consensus [15] [16] [17] [18] . Preoperative risk assessment and optimization by transthoracic echocardiography (TTE) without bias caused by anesthetics are addressed in patients with suspected cardiac disease [19] . The aim of this study was to evaluate preoperative effects of an individualized, ideal body weight (IBW)-based volume challenge (VC) on hemodynamics, stroke volume, and amount of venous return to the heart. In addition, dynamic and non-dynamic echocardiographic indices for VC were studied.
Methods
Ethical approval for this study (DNR 09-042M and 2012-439-32M) was provided by the Regional Ethical Review Board in Umeå, Sweden (Chairman Anders Iacobaeus). Informed consent was obtained from all included patients. In this single-center prospective study, 34 RWL-prepared morbidly obese patients consecutively scheduled for elective bariatric surgery by laparoscopic Roux-en-Y gastric bypass were included. Patients with untreated hypertension, unstable angina pectoris, significant valve regurgitation or stenosis, and known severe pulmonary disease were excluded. In addition to a preoperative RWL period of 3 weeks, all patients fasted at least 6 h before surgery (nil per os). Patient comorbidities, regular medication, characteristics on the day of surgery, and frequency of cardiopulmonary investigations in the last 10 years were assessed preoperatively.
Protocol
All patients were studied in the awake state before induction of anesthesia. The patients were assessed twice in the supine position with TTE by an experienced clinical cardiac physiologist immediately prior to surgery. An identical comprehensive TTE protocol was implemented before and 5 min after volume challenge. Volume challenge was given to all patients as a rapid i.v. infusion of colloid fluids (Volulyte™, Fresenius Kabi Ab, Sweden) 6 ml/ kg of the calculated ideal body weight. A rough approximation of ideal body weight was calculated as the height in centimeters minus 100 in both genders [10] . No other i.v. fluids were given during the period when the TTE assessments were performed. Noninvasive blood pressure was measured just before and after volume challenge in the supine position with a proper sized cuff.
Pre-and post-VC levels of venous return (preload) were categorized into hypovolemia, euvolemia, or hypervolemia by converting inferior vena cava (IVC) diameters and IVC respiratory variation to estimations of RAP according to current evidence [8, 20] . Patients were classified as volume responders if an increase in stroke volume ≥13 % after volume challenge was measured. In addition, diastolic function of the left ventricle was assessed before and after volume challenge [21, 22] , as described below.
Protocol for Transthoracic Echocardiography
Echocardiographic data were collected with an ultrasound device (Sequoia-512, Acuson-Siemens, Mountain View, CA) and a multifrequency transducer (4V1c). Three consecutive end-expiratory cardiac cycles were collected; the mean values of these were used for later statistical comparisons. Off-line analysis of data was made in accordance with current guidelines [21, 23] with commercially available software (EchoPac, GE Healthcare, Horten, Norway). Scanning for possible significant valve pathologies was made by colored and continuous Doppler and visual evaluation of valve morphology. In case of pathological findings in valves, patients were excluded from the study.
2-D and M-Mode Measurements
Standard acquisition windows for TTE were used including parasternal long-axis (PLAX), short-axis (SAX), apical four-chamber (A4C), and subcostal projections. A2C and three-chamber projections were used only for visual assessment of left ventricular (LV) contractility. Left ventricular end-diastolic and end-systolic diameter, end-diastolic wall thickness (septal and posterior walls) of LV, and left atrium anterior-posterior diameter in end-systole were measured from PLAX windows perpendicular to the ventricular long axis by 2-D assuring an optimal measurement orientation. In order to minimize bias in stroke volume (SV) comparison, left ventricular outflow track diameter (LVOTd) was measured in PLAX windows by 2-D only before volume challenge. Mean values of three separate LVOTd were used in SV calculation. IVC diameters and IVC respiratory variation (IVCCI) were measured from subcostal windows approximately 2 cm from the junction of the IVC and the right atrium, perpendicular to the IVC's long axis.
Left ventricular systolic function was evaluated visually by left ventricle % FS and calculated ejection fraction in % (EF %) from SAX areas. Left ventricular end-diastolic (LVEDA) and end-systolic (LVESA) areas were traced in SAX windows at mid-chamber level. A conventional formula for EF % calculation was used: EF %=100 %×(LVEDA−LVESA/ LVEDA). Systolic function of the right ventricle (RV) was assessed visually and by M-mode-collected TAPSE.
Conventional and Tissue Doppler Imaging Measurements
Transmitral inflow and pulmonary venous inflow velocities were measured from 3 consecutive end-expiratory cardiac cycles with pulsed-wave Doppler (PW) from A4C windows. Mean values were used for calculation of conventional dynamic indices and for statistics. Velocity time integral of left ventricular outflow track (VTI LVOT) was obtained with PW from apical 5 chamber windows (A5C). Mean values of VTI LVOT were used for stroke volume calculation. Stroke volume of the left ventricle in ml was calculated by formula: SV= 0.785 × LVOTd 2 × VTI LVOT. Tricuspid valve insufficiency was measured with continuous Doppler for calculation of a pressure gradient between the right ventricle and the right atrium [24] . Tissue Doppler imaging (TDI) velocities; systolic, E′-and A′-wave; were collected only from septal position of the mitral annulus due to useless TDI quality in lateral position of the mitral annulus. The E/E′ septum ratio was calculated [21] .
Evaluation of Filling Pressure Dynamics in Left Ventricle
Evaluation of diastolic properties of LV was performed [21] using TDI, where the E/E′ septum ratio was used when available (expecting some dropout due to missing lateral registration in this cohort). Signs of possible pathological instability in filling pressures and decreased compliance of LV were collected and assessed [21, 22] .
Statistical Methods
Statistical Package for Social Sciences version 20.0 was used for data processing. Comparisons of mean values between pre-and post-VC variables were performed by Student's t test for independent variables, supposing unequal variances. Chisquared and/or Fisher's exact tests were used for comparison of pre-and post-VC patient characteristics. Two-tailed p values less than 0.05 were considered statistically significant. Power and a sample size of the study were calculated on the primary variable stroke volume change. Sample size was calculated to 32 patients in each group with alpha 0.05 and beta 0.15 (Power=1 minus beta=0.85).
Results
Thirty-four morbidly obese subjects with mean BMI 41.8± 4.6 kg/m 2 participated in the study. A majority were women (23/34). Mean age was 42.8±8.8 years. Preoperative loss of weight during the 3 weeks before surgery was 8.3±1.9 % of total body weight. Duration of significant obesity had been long-lasting (≥ 15 years) in most patients (24/34). Despite common major comorbidities, preoperative cardiac and pulmonary investigations in the last 10 years before surgery were few, and subject characteristics, comorbidities, medications, and frequencies of cardiac and pulmonary investigations are summarized in Tables 1 and 2 .
The mean postoperative hospital length of stay was 1.1 days (range 1-3). Thirty-day mortality rate was zero. One patient was converted to open surgery due to multiple adherences. No postoperative major surgical complications, such as bleeding, anastomotic leaks, or reoperations, were observed.
Preoperative hypovolemia was found in a majority of MO (24/34, 70.6 %), and was more commonly associated with female gender (p=0.036), treatment with diuretics (p= 0.031), and no presence of ACE/ARB as antihypertensive therapy (p=0.009). After the volume challenge, a persistent low level of venous return occurred in 5.9 % (2/34) of the subjects, and 23/34 (67.6 %) of the subjects were euvolemic.
All subjects with preoperative hypervolemia (3/34) were male. Preoperative hypervolemia was associated with diabetes mellitus (p=0.014), use of calcium channel blockers (p= 0.031), and a combined antihypertensive therapy (p=0.003). After volume challenge, hypervolemia was seen in 26.5 % (9/34) of the subjects. Post-VC hypervolemia was seen in MO with diastolic dysfunction (p=0.013), use of calcium channel blockers (p=0.048), male gender (p=0.033), and with pre-VC hypovolemia (p=0.009) but not with pre-VC euvolemia.
Most of the subjects were volume responders (29/34, p< 0.001). In non-volume responders (5/34), medication with calcium channel blockers and systolic LV failure were seen more often (p=0.006 and p=0.015, respectively) compared to volume responders. No significant changes in pulse frequency or mean arterial blood pressure were seen following volume challenge. No association between volume responsiveness and preoperative state of venous return was found.
Decreased LV or RV systolic function was infrequent; 2/34 and 0/34, respectively. Impaired diastolic properties in LV were more widespread; 64.7 % (22/34) of MO were classified as diastolic dysfunction between grades I to III of IV. After volume challenge, slightly decreased dynamics of E/A-ratio were seen in association with a Valsalva maneuver (p=0.016). Post-VC E-wave and A-wave velocities were higher compared to baseline (p<0.001 and p<0.001, respectively). No significant changes in E/A-ratios were seen after VC. No statistical changes were seen in E′-or A′-waves. E/E ′-ratios were elevated after VC (p=0.025), but still remained below 10 (8.7±2). All hemodynamic and echocardiographic data are summarized in Tables 3 and 4 .
Discussion
The primary aim of our study was to assess the response to a standardized volume challenge based on IBW approximation. This VC-regime with 6 ml colloids/kg IBW was demonstrated to be a significant intravascular expansion leading to response desirable for preoperative circulatory optimization in the management of RWL-prepared MO, while in a minority of subjects leading to transient "hypervolemia."
Results of our study indicate that characteristics of fluid therapy in MO should be restrictive rather than liberal. In this study population, preoperative hypovolemia and signs of pathological instability in filling pressures were found in most of MO, as shown in an earlier study [8] . After the VC, substantial changes in non-dynamic and dynamic echocardiographic indices were observed, and hypovolemia was ceased in most MO.
In addition, despite the relative minute amount of colloid fluids administered, 26.5 % of the study patients were transiently hypervolemic after the VC, likely related to the infusion rate of the VC. Moreover, we found no association between preoperative state of venous return and volume responsiveness regardless of functional echocardiographic monitoring [25] . These findings may be due to decreased compliance of LV in MO, a pathological pressure-volume relationship in LV [21, 22] in combination with increased intra-abdominal pressures [26] . In concordance with results published recently [16] , our findings indicate that volume therapy is needed in bariatric surgery, but not a liberal volume infusion program.
Pronounced DT-and E/A-ratio variation were frequently observed during spontaneous breathing as signs of pathological instability in filling pressures. Reversed E/A-ratios appeared during a Valsalva maneuver in all these patients, and diastolic function was classified as pseudo-normalized. This filling pattern was called "unstable filling pressures" in this study. Hence, pronounced spontaneous breathing variation of Dt and E/A may function as a powerful predictor of decreased compliance in LVand instability in filling pressures, and this should be studied further.
TDI is a useful modality in comprehensive cardiac diagnostics. However, in our experience, monitoring volume challenge by use of TDI adds no additional information with a critical impact for bed-side decision making. In our opinion, conventional Doppler indices are better and more robust for this purpose than TDI. Thus, in MO, monitoring change of stroke volume (ΔSV) together with conventional dynamic transmitral indices provides sufficient information about volume responsiveness, limitations in global stressed volume, and pressure-volume relationship in LV [22, 27] . In addition, we confirmed that where there are physical limitations for signal acquisition related to body habitus as in MO, detailed comprehensive assessment of filling pressures can be difficult and time-consuming. We chose to evaluate volume responsiveness by measuring TTE-derived ΔSV by LVOT method in VC because of high reproducibility and feasibility [28] . Theoretically, passive leg raising maneuver (PLR) is an alternative for bringing about a change in venous return [29, 30] . However, PLR is not practical in morbidly obese patients due to abdominal obesity and heavy legs, obstructive airway anatomy, cranially positioned diaphragm, and low functional residual capacity/closing volume-ratio [10, 31, 32] .
There are several major limitations in the study. The single-center and not-randomized study design may have had an impact on sampling. In addition, the post-fluid challenge echocardiography was subject to observer bias due to the non-blinded study design. The software limitations of the ultrasound device and the transducer used in this study may have had an effect on the TDI measurements per se and the interpretation of the obtained TDI data.
Moreover, feasibility of transthoracic echocardiography as a method can be reduced by obesity per se. Substantial limitations are likely to occur with extreme BMI levels and abdominal obesity. Standardization of echocardiographic signal acquisition and analysis was maintained as much as possible through using only an experienced sonographer for data collection. Feasibility, time consumption, and acquisition circumstances for TTE in MO were beyond the scope of this article but were assessed recently in our previous study [8] . It is possible that increased intra-abdominal pressures in MO may have affected the results [26, 33] , and intraabdominal pressures were not measured or controlled. Commonly occurring (in severe obesity) increased liver size (liver steatosis) in combination with increased intraabdominal pressure may have an effect on inferior vena cava size and the venous return of the heart. It is clear that a high intra-abdominal pressure level (>20 mmHg) can lead to collapse of the inferior vena cava despite high venous pressure, and this can contribute to limitation of venous return [13] . This phenomenon may be accentuated in hypovolemia and hence increase inferior vena cava dynamics and affect the measurements and estimation of right atrial pressure performed with transthoracic echocardiography. On the other hand, one may assume that significant preoperative weight loss (>6-8 % of total body weight; in our study >8 %) should minimize these effects and even decrease intra-abdominal pressure. In addition, in this study, ordinary IVC dynamics were seen in all patients appealing to the reliability of results.
Our study was aiming to investigate loading conditions in direct association with volume challenge in preoperative setting, and only preoperative data were collected. Thus, possible later effects of volume challenge were not evaluated in this study protocol. On the other hand, all patients were studied preoperatively without bias caused by anesthetics. When interpreting the results, it should be taken into account that all patients were rehydrated regardless of pre-VC level of venous return, in order to assess the safety of the VC-regime comprehensively.
Conclusions
The volume challenge regime with 6 ml colloids/kg ideal body weight was adequate and safe for preoperative management in RWL-prepared MO. There is a potential risk of hypervolemia if liberal preoperative volume regimes are implemented. In volume challenge, conventional Doppler indices seem to be more informative concerning ventricular compliance compared to TDI, in the morbidly obese.
